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ABSTRACT 
The e f f o r t s  on t h i s  program were d i r e c t e d  toward development of 
polymer systems dcmonstrat ing LOX-compatibility and nonflammabil i ty  i n  
10072, oxygen environments. 
are t h e  t h r e e  major areas: 
Among u l t i m a t e  uses  of  t h e  polymer sys tem(s)  
1 )  Adhesives ; 
2) Conformal Coat ings;  
3) E l e c t r o n i c  Embedment Materials 
A f l u o r i n a t e d  polyurethane based on hydroxyl- terminateu po lype r f luo ro -  
propylene oxide and 6-chloro-2,4,5-trifluoro-m-phenylene d i i s o c y a n a t e  was 
developed dur ing  previous  phases of  t h e  program. The purpose of  t h i s  
program was t o  s u i t a b l y  modify t h a t  system t o  a l low i t s  use  and e v a l u a t i o n  
i n  t h e  above areas w i t h  t h e  concurren t  g o a l  of  upgrading of  e l e v a t e d  
temperature  performance c a p a b i l i t y .  
The r e s e a r c h  under t h i s  phase of t h e  program has  r e s u l t e d  i n  an 
approximately 60"/, i n c r e a s e  i n  t h e  t e n s i l e  shea r  s t r e n g t h s  obta ined  through- 
ou t  t h e  u s e f u l  range (-423" t o  - 150°F) o f  t h e  a l lophanate-cured  poly-  
ure thane .  Conformal c o a t i n g s  have been s u c c e s s f u l l y  prepared and show 
great  promise. Solvented sp ray  c o a t i n g s  have s i m i l a r l y  been prepared i n  
an  i n i t i a l  f e a s i b i l i t y  s tudy  from f l u o r i n a t e d  s o l v e n t  and h igh  q u a l i t y  
nonflammable f i n i s h e s  have been obtained.  
Newer cu r ing  schemes u s i n g  cyannguanidine,  melamine and cyanur i c  
t r i h y d r a z i d e  have r e s u l t e d  i n  a s i g n i f i c a n t  improvement i n  moderately 
e l e v a t e d  temperature  performance, w i t h  no sacr i f ice  i n  t h e  nonflammabil i ty  
c h a r a c t e r i s t i c s .  
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INTRODUCTION AND 0BJECTIVI;S 
I n  prev ious  s t u d i e s  under Con t rac t  No. NAS 8-11068 ( Ju ly  1963 t o  
December 1968) ,  Whit taker  Research and Dcvelopmcnt Div i s ion  (WRD) developed 
a f l u o r i n a t e d  ure thane  adhes ive  w h i c h  i s  s u i t a b l e  f w  u s e  w i th  l i q u i d  
oxygen. This adhesive system based on 4-chloro-2,5,6-trifluoro-1,3- 
phenylene d i i s o c y a n a t c  (ClTE'PDI) and t h e  d i o l  of poly(perf luoropropy1ene 
oxide)  i n i t i a t e d  w i t h  p e r f l u o r o g l u t s r y l  f l u o r i d e  (PFPO d i o l ) .  
P ----+ 19 
0 0 
It It 
F-C- (CF2)3-CF 1- N(CF3CE'CF2)' - 
PFPO d i o l  
fico 
(X 4- y -E 2 = N) 
0 
IJ 
0 - C  
"- 
L i n e a r  f l u o x i n a t e d  polyurethane 
It  w a s  found that t h e  system had optimum p r o p e r t i e s  w i t h  an NCO t o  
OH r a t i o  of 1.8, which r e s u l t s  i n  a cured polymer through a l lophana te  
O R O H  
' I I I I  
(ROE-K-C-x-R) crosslin1,:s. 
0 
II 
(PFPO)-O-C- i ' F N-C H ' 1  -1 LF x + xs PO)---
PFPO) t 
' 3 .  F)$co  NCO F - 
A 1  lophanatc c r o s s l i n k c d  f l u o r i n a  tcd 
n n l ~ r r t r r ~ t l i ~ r o  
The a l l o p ~ a n a t e - c r o s s l i n k c d  polymer system i s  c h a r a c t e r i z e d  by low 
t e a r  s t r e n g t h  and very  poor e l eva ted  tempera ture  s t r e n g t h .  
The f i n a l  adhesive system developed on Con t rac t  No. NAS 8-11068 was 
a two-part system c c n s i s t i n g  af a ClTFPDI-capped PFPO d i o l  prepvlymer 
(wi th  a l l  t h e  ClTFPDI added t o  lower t h e  v i s c o s i t y ) ;  and PFPU d i o l ,  u s i n g  
0 . E  f e r r i c  c a t a l y s t .  This  system had a 'Low v i s c o s i t y  and a 5 .5-hr  pot  
l i f e  a t  room temperature .  I t  cured a t  s l i g h t l y  e l e v a t e d  t e n p e r a t u r e s  i n  
less than one day. Typ ica l  t e n s i l e  bond s t r e n g t h s ,  f o r  t h i s  adhesive 
system on aluminum adherends a r e  5000 p s i  a t  -320"F, 1500 p s i  a t  RT and 
150 p s i . a t  200'F. 
Under t h e  present  program t h e  o b j e c t i v e s  are to improve t h e  e l e v a t e d  
temperature  p r o p e r t i e s  of t h e  adhes ive  and t o  i n v e s t i g a t e  t h e  u s e  of t h e  
system a s  *a p a i n t ,  conformal coa t ing  and e l e c t r o n i c  embedment compound. 
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DISCUSSION 
I . PREPOLYMER PREPARATION AND AVALYSIS 
A,  Hydroxyl-terminated Polyperfluoropropylcnc Oxide 
1. Polymerization 
Continuing efforts directed toward achieving reliable and 
reproducible results in the polymerization of hexafluoropropylene oxide 
have resulted in successful, uniform large scale preparations. 
The polymerization of perfluoropropylene or f4e  has been carried 
out with rigorous control of the purity and dryness \ f the various re- 
actants and solvent. The cesium fluoride catslyst wir. oven-dried at 
600°F for a total of 110 hours b-.ore use. 
distilled and used immediately aiier distillation. All other parameters 
(temperatures, quantities of reactants and addition rates) were the same 
as utilized previously. 
The diglyme solvent was doubly- 
This initial polymerization reaction proceeded more smoothly an4 
more cleanly than atiy of  the previous polymerizations. After the initial 
polymerization is complete:! t h e  final removal of cesium fluoride from the 
acid-fluoride terminated naterial is readily accon.plished by filtration 
through very fine (VF) fritted glass funnels. We had previously encountered 
considerable dizficulty in this step, 
The reduction (Lithium Aluminum Hydride) of the acid fluoride- 
terminated polyether may-be accomplished zirectly or after prior fractional 
distillation. In either instance, clean separation of  the crude liquid 
product (either the mreduced acid fluoride-terminated polyether or L:ie 
reduced hydroxyl- terminated polye t her) into monofunctional and di funct iorai 
"envelopes" is possible by careful fractional distillation under reduced 
pressure. 
2. End-Group Analysis and Molecular Weight Determinations 
Considerable effort has been expended in establishing reliable, 
reproducible methods for analysis of t h e  hydroxyl-terminated polyperfluoro- 
propylene oxide. These data are imperative for any optimization program. 
Reproducibility and precision have been difficult t o  obtain either in our 
laboratories or from outside sources. Accuracy is questionable at best, 
The mol.ccular weights of the hydrcxyl-terminated poly(perf1uoro- 
propylene oxide) have been determined by Vapor Pressure Osmometry using a 
Mechrolab Model 301A Vapor Pressure Osmometer. In this instrument the 
molecular weights are best determined using THF as a solvent. Other 
solvents investigated were Freon-TF and acetone. The instrument was 
calibrated using such standards as bcnzil, 1,5-diiod0-2,2,3,3,4,4-hexa- 
fluoropentane and 2,2',3,3,4,4-hexofltroropcntane-1,5-diol. The major 
problems encountered in obtaining reproducible results have becii the 
3 
non-lincarity of the AT versus concentration plots and the -dariation of 
the AT value when the concentration of the solvent is zero. 
The non-linearity of the AT vs. Concentration plots is nDt 
a significant problem if thc sccopd problem is not manifest. The quantity, 
ATc, is routinely extrapolated tG zero coilcentration to obtain a molecular 
weight. The uncertainty, however, in the value of AT (which should be 
zero at zero concentration) has lent undesired ambiguity to the molecular 
weight data. 
The normal procedure for determining the value of the molax1ir 
weight from the AT vs. Concentration data has been to subtract from each 
value of AT, the value of AT at zero concentration. This difference 
is then divided by the concentration and the plot (AT/c vs. C) extrapolated 
to zero concentration. The molecular weight i s  calculated using the 
f o 1 lowing equation: 
(AT/C) c=O for standard X molecular weight of standard 
(AT/C) c=O for unknown Molecular Weight = 
Attempts have been made to determine equivalent weights of the 
hydroxyl-terminated polyperfluoropropylene oxide by acetylation of the 
hydroxy groups and subsequent back titration of the excess acetic anhydride. 
Relatively good precision was obtained using this method when the acetyla- 
tion was allowed to proceed for one week on a steam bath. Less Frccise 
results were obtained when shorter acetylation times were employed. 
Periodic attempts have been made to perform this acetylation reaction in 
sealed ampoules at temperatures in excess of 12OoC. Ampoule failure has 
precluded evaluation of this technique thus far. 
It has been found that one of the OH end groups of the hydroxyl- 
The 
terminated polyperfluoroether can be detemined by titration in acetone 
solvent using tetrabutylamnonium hydroxide in methanol as a titrant. 
method used involwd a photometric titration using the absorption of azo 
violet at 650 to detect the equivalence point. Unfortunately no con- 
venient direct method has been found to determine the relative functionality 
of these materials (i.e., an hvdroxvl equivalent weipht) . it “as felt 
that a simple titration of an acetone solution of the hydro1 
polyperfluoroether with the more nucleophilic potassium metl. 
vield a rapid and convenient method for the determination of - OH 
dquivalent weight of these materials, and, therefore, their relative 
functionality. 
point of this titration must be by way of an instrumental determination. 
This belief is based on the results observed in the above-mentioned 
titration studies. In this titration, reproducible results could be 
obtained only when a photometric procedure was used, as the visual end 
point is not distinct enough for reliable determinations. 
erminat ed 
’t: would 
It was also felt that reliable detection of the equivalence 
4 
The f i r s t  a t tempt  t o  d e t e c t  t h e  equ iva len t  p o i n t  i n  t h e  t i t r a t i o n  
o f  an ace tone  s o l u t i o n  o f  t h e  model d i o l  hexaf luoropentanedio l ,  u s ing  
potassium methoxide i n  methanol y i e lded  a t i t r a t i o n  curve  wi th  no d e t e c t a b l e  
breaks.  Consequently w e  t r i e d  t o  d e t e c t  t h e  equ iva len t  po in t  i n  t h e  
t i t r a t i o n  of  t h e  same model d i o l ,  hexafluol  Upentancdiol, u s ing  a conduct i -  
v i t y  c e l l .  Th i s  technique  was no t  e f f e c t i v e .  Thermometric t i t r a t i o n  of 
hexaf luoropentanedio l  was at tempted i n  a Dewar f l a s k  us ing  a t h e r m i s t e r -  
bead d e t e c t o r .  Negat ive r e s u l t s  were cb td ined  by t h i s  procedure a l s o ,  
The importance of a r e l i a b l e  and a c c u r a t e  hydroxyl number i s  
q u i t e  apparent  when c7.e cons ide r s  t h e  wide v a r i a t i o n s  i n  p r o p e r t i e s  of 
cured  polyure thane  w!113h niay be obta ined  by s i m p l e  v a r i a t i o n s  i n  t h e  
molecular  weight of  t h e  hydroxyl- terminated po ly (pe r f  luoropropylene oxide)  
The major concern i s ,  of cour se ,  t h e  a c t u a l  degree  of f u n c t i o n a l i t y .  
I d e a l l y ,  on ly  d i f u n c t i o n a l  material  would be u t i l i z e d  i n  any polymer 
formula t ion ;  hence,  a much g r e a t e r  degree  of  confidence has been r equ i r ed  
tn the hydroxyl number than  is  p r e s e n t l y  ob ta inab le .  
The dua l  problem . f molecu!.ar weight de t e rmina t ion  and hydroxyl 
f u n c t i o n a l i t y  has  been most s a t i s f a c t o r i l y  so lved  recen’ t ly  by u t i l i z i n g  
Vapor Phase Chromatography f o r  molecular  weight d i s t r i b u t i o n  a n a l y s i s ,  
as desc r ibed  below. 
3. Vapor-Phase Chromatographic Analys is  
Reso lu t ion  of t h e  complex mixture  of hydroxyl- terminated PFPO 
has  been accomplished by t h e  Vapor Phase Chromatographic Analys is .  
peak s e p a r a t i o n  i s  no t  p e r f e c t l y  c l e a n  b u t  i s  v e r y  adequate  t o  provide  
us w i t h  r e l i a b l e  molecular  weight  e s t ima t ion .  
t empera tu res ,  programmed tempera ture  i n c r e a s e  r a t e s ,  f low rates ,  et:., 
were s t u d i e d  b e f o r e  t h e  r i g h t  combination of  c o n d i t i o n s  was developed. 
The 
A large number o f  d i f f e r e n t  
Chromatograms of  t h e  c rude  product  from t h e  l i t h i u m  aluminum 
hydr ide- reduct ion  of a c y l f l u o r i d e - t e r m i n a t e 3  polyper f luoropropylene  oxide  
have demonstrated a q u i t e  clear s e p a r a t i o n  i n t o  two s e p a r h t e  llenvelopc 
of  monofunctional and d i f u n c t i o n a l  material .  
As ment imed p r e v i o u s l y ,  t h e  polymer iza t ion  of per f luoropropylene  
oxide i s  c a r r i e d  ou t  i n  diglyme so lven t  u s ing  p e r f l u o r o g l u t a r y l  f l u o r i d e  
a s  i n i t i a t o r  and cesium f l u o r i d e  as catalyst  as fol lows:  
0 CF3 CF, 0 0 No\ -___jL FE-hF-O- (CF2)5-O-CF--CF I II 8 - ( C F 2 ) 5 - 0  + 2 CF3-CF -CF2 
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Monofunctional material arises from an initial ring opening reaction by 
fluoride ion, e , g , : 
@ + CF3-CF- /O\CF 2 .- CF3CF2CF2- P 
in our experience this undesired ring opening can be suppressed 
to 2 marked degree by carefully controlling the temperature during the 
initial phases of the polymcrization. 
Fractionation of crude acyl fluoride-terminated material results 
in excellent separaLion of low molecular weight difunctional and all 
monofunctional material from the desired higher molecular weight di- 
functional telomers. 
As discussed previously, considerable ambiguity was present in 
both end group analysis and molecular weight (as determined by VPO) of 
hydroxyl-teminaced prepolymer. The acyl fluoride-terminated material 
on the other hand gives excellent straight line VPO plots, cansistently 
intersecting at ~R/c=0 at zero concentrations, End group analysis is 
accomplished by simple titration with aqueous base. This method yields 
rapid, accurste and precise values. 
Work on a related NASA contract gave the following analytical 
results for acyl fluoride-terminated polyperpropylene oxide: 
Mol. Ut. Acid Flcoride Degree of 
Number (by V P O  in Freon 113) - Func t ior-a1 ity 
1360 +_1C 681, 680, 680 2.00 
An alternate study, using vapor phase chromatography, uas undertaken, 
concurrent with those i:itensi-dc investigaLioris on aca l j  tical procedures, 
aimed at ttorough analysis of the hydroxy1 terminated perfluoropolyether. 
Fractional vacuum distillation of the mixture was carried out 
on a Nestor-Faust Spinning Bznd Colcmn. 
resulted in the isolation of fractions of sufficient purity to permit 
identification of the component peaks of the mixture. 
Separation was quite tedious but 
The VPC chromatogram are s h m n  in the following figures, 
Identification of the materials in those fractions was accomplished using 
the following rationale: 
6 
99.072 
Figure E. VPC Chromatogram of PFPO, 
cut 2 
7 
21.4% 
Figure 2. VPC Chromatogram of PFPO, 
cut 3 
8 
91.02X 
8.97% 
Figure 3.  VPC Chromatogram of PFPO, 
cut 4 
9 
The s t r u c t u r e  o f  the  prepolymer i s  such t h a t  i t  can only  
va ry  by an ordered increment.  I n  o t h e r  words, t h e  mDlecular 
weight d i f f e r e n c e  between t h e  v a r i o u s  te lomers  must be 
p r e c i s e l y  166 ( t k e  molecular weight of t h e  hexafluoropropy- 
lene ox ide  monomer r e p e a t i n g  u n i t :  x and y) 
It i s  presumed t h a t ,  i n  t h e  h ighe r  molecular  weight f r a c t i o n s ,  
t h e  r e t e n t i o n  t imes and b o i l i n g  po in t s  of t h e  v a r i o u s  isomers 
of a given molecular weight w i l l  be  e s s e n t i a l l y  i d e n t i c a l .  
That i s ,  t h e  x = l  and y=4 isomer w i l l  have e s s e n t i a l l y  t h e  
same b.p. and r e t e n t i o n  time a s  x=2 and y=3. 
The peak areas t r u l y  r e p r e s e n t  mole f r a c t i o n s .  The 
molecular w t i g h t s  of t h e  v a r i o u s  ccmponents must v a r y  
i n  the  fol lowing order :  
(x  + y) mo1.wt. 
2 876 
3 1042 
4 1208 
5 1374 
6 1540 
7 17 06 
8 1872 
The molecular  weights  of t h e  i s o l a t e d  f r a c t i o n s  shown i n  
t h e  f i g u r e s  were independent ly  determined by vapor  p r e s s u r e  
osmometry i n  THF s o l v e n t .  
Cut#2 was found t o  have a molecular  weight of 1339, 
t h e  major peak (99.07%) i s  ass igned  t o  be t h e  te lomer where 
(x+y) = 5 (mow.  = 1374))  and t h e  two lower b o i l i n g  ( s h o r t e r  
r e t e n t i o n  t imes)  peaks t o  f r a c t i o n s  of (x+y)=4 (0.31%) 
and 3 (0.62%), r e s p e c t i v e l y ,  t hen  t h e  c a l c u l a t e d  molecular  
weight i s  13f1. 
If 
Cut 8 3  contf i ins  76.63% (x+y)=5 te lomer p l u s  1.86"/, (x+y) = 
4 and 21.4% (x+y)=6. The molecular  weight by VPO w a s  
found t o  be 1360. The c a l c u l a t e d  molecular  weight i s  1406. 
Cut 84 c o n t a i n s  91,02X (x+y)=6 p l u s  8.98; (x+y)=7. The 
molecular  weight  by VPO was found co be 1530. C a l c u l a t i o n  
r e s u l t s  i n  a v a l u e  of 1555. 
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The e x c e l l e n t  c o r r e l a t i o n  of  t hcse  r e s u l t s  s u b s t a n t i a t e s  
t h e  r a t i o n a l e  and w i l l  a l low a f a s t e r ,  more p r e c i s e  e s t i m a t e  
of  molecular weights  f o r  PFPO prepared subsequent ly ,  wi thout  
r e s o r t  t o  t h e  l e s s  s a t i s f a c t o r y  incumbent VPO procedure.  
I t  should be noted t h a t  t h e  VPO v a l u e s  are c o n s i s t e n t l y  low. 
Also i t  appears  t h a t  t h e  more complex mixtures  of PFPO produce 
t h e  more pronounced depa r tu re s  from i d e a l i t y  i n  t h e  VPO 
p l o t  of AR ( o r  AR/c) VS. C .  This  c e r t a i n l y  tends t o  
reduce t h e  confidence l e v e l  i n  t h e  molecular  weight d a t a  by 
t h i s  method. The VPO p l o t s  of t h e  r e l a t i v e l y  pure f r a c t i o n s  
are, on t h e  o t h e r  hand, q u i t e  good. E s s e n t i a l l y  l i n e a r  p l o t s  
w i t h  e x t r a p o l a t e d  ze ro  i n t e r s e c t i o n  was t h e  r i l e  i n  t h e s e  
cases . 
11. ADHESIVE SYSTEMS 
A. Allophanate-Cured Systems 
1 . Prepolymers 
A major disadvantage of t h e  der ived  h i g h l y  f l u o r i n a t e d  poly- 
u re thane  system l ies  i n  t h e  almost complete mutual i m i s c i b i l i t y  of t h e  
hydroxyl - t erminat  e d po lye t he r  (C lTFPDI ) and 4-ch l o r  o - 2,5 ,6- t r i f luoro-m- 
phenylene d i i s w y a n a t e  a t  temperatures  below 80°C. 
P r i o r  work l e d  t o  t h e  development of methods f o r  t e rmina t ion  
(end capping) of the PFPO w i t h  C l T D P D I .  
xc 0 
X 
2 
CITFPDI 
/ *  H O  O H  li I ,xco 4 
c1 PFPO-Dl \c1 
The ffcappingff  of hydroxyl- terminated polyperf  luoropropylene oxide  
FFPO(OH)2 w i t h  4-chloro-3,5,6- t r i f luoro-m-phenylene d i i socyana te  (ClTFPDI) 
to produce t h e  de r ived  i socyanate- te rmina ted  prepolymer (PFPO-DI) has  
been r e p e a t e d l y  c a r r i e d  out  w i t h  f a c i l e  r e p r o d u c i b i l i t y .  PFPO-DI seems 
t o  be q u i t e  s t a 5 l c  when s t o r e d  i n  a d e s s i c a t o r  a t  - 5 ' C .  
change i n  v i s c o s i t y  has  been noted a f t e r  up t o  6 weeks s t o r a g e  under 
t h e s e  cond i t ions .  
No s i g n i f i c a n t  
2. Adhesive Formulation 
I t  had been a n t i c i p a t e d  t h a t  subsequent admixture o f  t h e  PFPO-DI 
w i t h  a d d i t i o n a l  ClTFPDI and PFPO(OH)2 would r e s u l t  i n  a t r u l y  homogeneous 
prcpolymer mixture .  T h i s  e x p e c t a t i o n  was n o t ,  however, r e a l i z e d .  The 
mixture  w a s  q u i t e  f l u i d  bu t  - no t  homogeneous, as e v i d e x e d  by a milky 
appearance.  I n i t i a l l y  we f e l t  t h i s  non-homogeneity was probably due t o  
t h e  s tannous  o c t o a t e  ca ta lys t .  The same milky appearance,  however, was 
observed i n  the  absence o f  catalyst .  While adequate  bond s t r e n g t h s  ( a t  
<15OoF) can be obta ined  w i t h  t h i s  system i t  w a s  f e l t  t h a t  even b e t t e r  
p r o p e r t i e s  could  r e s u l t  i f  a homogeneous system could  be  developed. 
We d i r e c t e d  our e f f o r t s  toward ach iev ing  t h i s  g o a l  by p repa r ing  
t h e  "reverse" capped urethane-extended,  hydroxyl- terminated,  prepol)-mer 
[UPFPO(OH)2] ( c f .  below). 
3 n + 1 PFPO(OH)2 + n ClTFPDI 
CF3 CF3 / I  \ I  
( C F ~ )  o -p rc F~ o fYc F C H ~ O H  
T h i s  prepolymer has  been r o u t i n e l y  prepared several  times w i t h  r ep roduc ib le  
r e s u l t  s . 
Table I l ists  t h e  bond s t r e n g t h s  o b t a i x d  when t h e  o v e r a l l  
NCO/OH r a t i a  was s y s t e m a t i c a l l y  v a r i e d  from 1.8/1 t o  1/1. 
r a t i o  inc ludes  t h a t  q u a n t i t y  exhausted i n  t h e  formation of t h e  o r i g i n a l  
prepolymers,  PFPODI and UPFPO(0H)z. 
degassed p r i o r  t o  adhes ive  a p p l i c a t i o n  and i n  a l l  cases, became c r y s t a l  
clear a f t e r  t h e  d e a e r a t i o n  process .  
T h i s  NCO/OK 
The prepolymer mixtures  were always 
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TABLE I 
ALLOPHANATE CURED SYSTLW 
PFPO(OH)2, 1550 Molecular Weight 
Overall Tensile Shear, psi Tensile Shear, psi Tensile Shear, psi 
NCO/OH at -320°F at 77°F at 200°F 
PFPO-DI + UPFPO (OH) 2 
Avg Avg Avg 
1.8/1 
1.611 
1.511 
1.4/1 
1.311 
1.211 
1.1/1 
1/1 
7300 
7240 
7880 
7410 
-- 
2325 
2245 
2165 
1845 
13 90 
1200 
372 
37 
296 
326 
321 
211 
-- 
-a 
-- 
The handling characteristics of the various systems were uni- 
formly excellent. Easily spreadable, homogeneous systems of moderate 
viscosity were the general rule. The failed specimens were essentially 
bubble-free and exhibited almost exclusively adhesive failure. The 
exposed metal surface was essentially free of any polymer. 
An alternate allophanate-cured system was investigated, based 
on a block copolymer approach. 
A hydroxyl-terminated, highly fluorinated polycarbonate of hexa- 
fl.uoropentanedio1 was prepared (mol. wt. 715) a2d co-polymerized with 
PFPODI (in excess). The normal system [UPFPO(OH)2/PFPODI] is shown below 
as Polymer A, with the crosslinked block co-polymer desigLiated as Polymer 
B .  
Po 1 >me r A : 
F/ XH-C -0PFPO- 
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Since  both  of t hese  systems a r e  cured by an a l l o p h a n a t e - c r o s s l i n k  
mechanism, the  200°F p r o p e r t i e s  a r e  not expected t o  be apprec i ab ly  d i f f e r e n t .  
The room temperature p r o p e r t i e s  of t he  mixed polycarbonate /polye ther  
u re thane ,  however, appear t o  be somewhat improved over those  of t h e  s t r a i g h t  
po lye ther  urethane.  The pressed  f i l m  e x h i b i t e d  improved t e a r  s t r e n g t h  
and toughness and a l s o  was much more e l a s tomer i c .  LOX-compatibilicy 
tes ts  were no t  run ,  bu t  f lammabil i ty  i n  ca .  loo"/, oxygen atmosphere (WRD 
t e s t )  f o r  both systems were e s s e n t i a l l y  i d e n t i c a l .  
s e l f - e x t i n g u i s h i n g  when i g n i t e d  wi th  an oxygen/gas to rch .  
They were bo th  r a p i d l y  
B.  Bonding Surface P repa ra t ion  
1. Metal Condi t ion ing  
The appearance of an excess ive  amount of bubbles i n  t h e  bond 
l i n e s  of f a i l e d  adhesive specimens prompted an i n v e s t f g a t i o n  d i r e c t e d  
toward uncovering t h e i r  source.  
due p r i n a r i l y  t o  adsorbed moisture  on t h e  metal  su r f ace .  A series of 
t e n s i l e  shear  specimens were prepared.  The s u r f a c e  p r e p a r a t i o n s  ( p r i o r  
t o  bonding) followed t h e  o u t l i n e  shown below. 
I t  was presupposed t h a t  t h e  bubbles were 
scllcl:lc I .  
V a r i a t i o n s  i n  Ilonding Proccdurc 
FPL E tch  i_i 
I 
I 1 I 1 1-1 [TZqT-J 
150°F d r i  
Rinse + 
I 
k!? Bond 
Tensi.le shear values  and observations a r e  shown i n  Table 11. 
The o v e r a l l  NCO/OH r a t i o  was 1.8/1. 
TABLE I1 
EFFECTS OF BONDING PREPARATION ON ADHESIVE PROPERTIES 
Specimen Tens i l e  Shear,  p s i  (Avg) 
Preparat ion Code:': -320°F 77°F +20o0F 
I 6080 
I1 7320 
I11 5370 
I V  7420 
V 5260 
V I  4940 
V I 1  4940 
V I 1 1  5400 
* c f .  Previous Scheme I. 
24 15 
2330 
22 95 
2230 
2110 
1990 
2020 
1860 
296 
288 
27 0 
210 
162 
164 
208 
25 8 
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Those specimens prepared us ing  0.004 i n .  g l a s s  bcads as space r s  
showed a s i g n i f i c a n t l y  g r e a t e r  amount o f  bubbles ,  t h a n  thosc  u t i l i z i n g  
t h e  0.003 i n ,  wire.  
disadvantageous,  as compared t o  t h e  s t anda rd  150°F d ry ing  c y c l e .  T r i -  
sodium phosphate-wash l i kewise  produced a d e t r i m e n t a l  e f f e c t .  We have, 
t h e r e f o r e ,  decided t o  u s e  t h e  w i r e  shims and 150°F dry ing  f o r  adhes ive  
specimen p r e p a r a t i o n  i n  f u t u r e  t e s t i n g  a p p l i c a t i o n s .  The f a i l e d  bond 
l i n e s  of  t h i s  system are  e s s e n t i a l l y  bubble- f ree  b u t  i n d i c a t e  a lmost  loo"/, 
adhesive f a i l u r e .  
Thc 250°F dry ing  c y c l e s  proved t o  be somewhat 
2 .  Primer Study 
I n  an e f f o r t  t o  upgrade t h e  adhes ive  performancc of t h i s  a l lopLa-  
n a t e  cured system, a number o f  pr imer  c a n d i d a t e s  were s t u d i e d .  These 
p r i m e r s  inc luded  Dow Corning 's  2-6020, 2-6040 and 2-6040 (hydrolyzed) .  
The e f f i c i e n c y  of t hese  p r i m e r s  has been w e l l  e s t a b l i s h e d  on non- 
f l u o r i n a t e d  po lye the r  u re thane  adhes ive  systems. The improved f l u o r o -  
0 
/ \  
(CH30) 3S iCH2CH2CH2NH2 (CH30)+3 iCH2CH2CH-CH2 
2-6020 2-6040 
OH 
I 
(CH30) 3S iCH2CH2CHCH20H 
Z -6040 (hydrolyzed) 
u re thane  system y i e l d e d ,  however, d i scouraging  s t r e n g t h  r e s u i t s  (at  a 
1.8/1 NCO/OH rat ,o)  when chese metal prirn..:s were u t i l i z e d .  A l l  t h r e e  
pr imers  were app l i ed  by a sp ray  technique  and d r i e d  per t h e  manufac tu re r ' s  
i n s t r u c t i o n s .  The t e n s i l e  s h e a r  s t r e n g t h s  are  t a b u l a t e d  i n  Table  111. 
The L-6040 d i d  show s l i g h t  improvement i n  200°F s t r e n g t h  b u t  t h e  i n c r e a s e  
w a s  no t  of  s u f f i c i e n t  magnitude t o  war ran t  f u r t h e r  i n v e s t i g a t i o n .  
TABLE 111 
EFFECT OF U T A L  PRIhlERS ON ADHESIVE STREKGTHS 
Avg T e n s i l e  S h e a r ,  
N i  1 2570 326 
Avg T e n s i l e  Shea r ,  
Primer. p s i  a t  77°F p s i  a t  2OOOF - 
2-6020 1190 25 9 
Z-6040 2300 406 
2-6040 (hydrolyzed) 1350 3.64 
Bond f a i l u r e  was aga in  e s s e n t i a l l y  10077 adhes ive  i n  nature .  
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111 ALTERNATE CURING AGEKTS 
A. Amine-Terminated PFPO (PFPC-DA) 
1. Amine-Terminated PFPO 
Previous reports have described in detail the preparation of an 
amine-terminated perfluoropolycther prepolymer. The preparation has 
been accomplished as follows: 
CF3 YF3/ I \ 
HOCH CF OCF2CF--f ; ;O(CF2)50~FCF20 c F C H 2 0 H  + 
2 t  
PFPO 
H O  O H  
Hydroxyl-terminated polyether of 934 moleclilar weight was utilized 
in this preparation. The resulting amine-termi!iated material had a 
molecular weight of 1734, indicating approxii..ate: ;I 20;!, chain extension 
during the hydrolysis step. It ~-7as obtained 3s a sernisolid at room 
temperature. 
The extended prepolymer system was prepared by reacting the di- 
Aluminum panels 
isocyanate-terminated polyether with the amine-terminated derivative in 
the ratio of 1.8/1, using stannous octoate as catalyst. 
were coated with the viscous polymer premix. 
also prepared from t h i s  formulation. The flow characteristics of the 
premix materia? were thusfar only marginal. The resulting films were 
hard, tough and had a high gloss after a cure of 16 hours at 160"F, with 
a postcure of 8 hours at 250°F. 
Tensile shear bonds were 
Tensile shear strengths from the above system were, however, 
dramatically improved, and these -;slues are tabulated below: 
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T ~ ~ i s i - 1 ~  Shear Strcngtl i ,  p s i  
T e s t  -- Temp, ‘F (Average) 
-320 3 120 
75 3€?0 
+230 5 32 
+330 24 
While the highx- tempera ture  s t r e n g t h s  si-i 11 required f u r t h e r  
improvement, t h i s  system neve r the l e s s ,  r ep resec t s  a uorz orocess ib l e  
systein with vtended upper tempera ture  c a p a b i l i t y  ov2r t h e  presmt poly- 
urethane s y s t e m ,  
B. Cyanoguanidine Curing Agent 
P b r i e f  s tudy has  been made us ing  cyanoguanidine as a curing agent 
for the  saae diisocyans-te-termiqated prepolymer i t s e l f ,  prepared above 
i n  t h i s  i n i t i .  1 adhesive formulation. 
Cyanoguanidine 
dc chose t h i s  reagent  as a candida te  cur ing  agent siixe i t  passesses  no 
carbon-hydrogen bonds and u m l d  c o ~ s e q u e n t l y  not  be expected t o  impart 
flammability t o  t he  f i n a l  polymer, A seconG cons ide ra t ion  f o r  its usc 
is t he  hi-gh dens i ty  of polar groups pro\r;ded aL t h e  cha in  extending 
s i tes ,  i n  the proposed r e a c t i o n  Techanism: 
Proposed Cyancgumidine Chain-Extension 
Dcf fz ren t i a l  s c ~ n k . ~ g  ca lor imet ry  {at _F°C jllrin) of t h i s  system showed 
a reactiors mcarrirly 5:  135’C zn4: 9 plareau at  16S°C. 
a7”Ycive S ~ S : E L -  was cark.led oct a t  f i O ’ C  and 5 ps:. 
cyanate-rerminated ;FEW t o  cgatwguanidine w a s  i:1 (assuming d i f u n c t i o n a l i t y  
of the curing s g e n t ) ,  t o  produce essentially l i n e a r  polyret .  
salt c a t a l y s i s  was employed. 
Cure of the 
The ratio of iso- 
NO mztal 
The prepolymtr mix proved t o  be q u i t e  f l u i d  a t  cure  temperature  
and t h e  b m d c d  a r e a  of t he  t e s t e d  coupons showed a high perccntagc oi 
"starved" area. Bond s t r e n g t h s  a r e  l i s t e d  below and r e f l e c t  t h i s  
de f i c i ency .  
T e n s i l e  Shear ,  p s i  
Temper a t u r t  Averagc of Two Determinations 
75°F 15 75 
200°F 408 
330°F 25 
Subsequent s t u d i e s  i n d i c a t e d  t h a t  cyanoguanidine docs - not behave 
s i z p l y  as 3 d i f u n c t i o n a l  amine when t h e  ciire is c a r r i e d  o u t  a t  350°F. 
Samples cured wi th  d i f f e r e n t  cyanoguanidine concen t r a t ions  a t  250°F and 
350°F show a marked d i f f e r e n c e  i n  appearance and p r o p e r t i e s .  
naterials cured a t  t h e  lower temperature  (even f o r  prolonged p r i o d s ,  
> 24 hours)  showed cons ide rab le  amounts of r e s i d u a l  unreacted c u r i n g  
agent.  
Those 
Those cured a t  350°F were clear and t r a n s p a r e n t ,  
I n f r a r e d  a n a l y s i s  of cured f i lms  showed the  c h a r a c c e r i s c i c  doublct  
of cyanoguanidine a t  2175 and 2210 cm-1 i n  those  spc-circens which rece ived  
t h e  250°F cure.  
n i t r i l e  region.  
Those which had t h e  350°F cure  showed -- no pzak i n  t h e  
Cursory i n s p e c t i o n  of t h e  s e v e r a l  cured f i l m s  ind ica t ed  an appa-cent 
maximum i n  toughness can  be obta ined  from r e a c t i o n s  c a r r i e d  out  wich a 
ca. 3/2 s to ich iometry .  Adhesive bonds were prepared using molar r a t i s  
of 3/?.8.  Cure w a s  0r.e hour a t  350°F. 
The l a p  shea r  s t r e n g t h s  are shown below. The Durometer readings  on 
t h e  cured r e s i n  were 94 (Shore A-2) and 50 (Shore D ) .  The marked improve- 
ment i n  elevated t e n p e r a t u r e  s t r e n g t h s  i s  most encouraging. 
Temperature, "F Lap Shear  ( p s i )  (Avg) 
77 2565 
180 995 
250 67 6 
Probably t h e  most p l a u s i b l e  explana t ion  f o r  t h e  apparent  "tri- 
f u n c t i  o n a l i t y "  of cyanoguanidine and che corresponding disappearance of 
t h e  n i t r i l e  peak w i t k .  a 350°F cnre  can be  i l l u s c r a t e d  by t h e  fo l lowins  
proposed r e a c t i o n  scheme. 
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Schcnic 11. 
Proposed Cyanoguanidine Curing Mechanism 
11 N * \  0 11 II I 
1) W F l ’ O . f l -  oc -N C = N - C : S  
/ 
li*N 
+ 
YFPOI 
0 / \ H  
C-N 
RFPOI I 
il 
M C N H  w 
I 
This tentative proposed cure mt..hanism i s  consistent  with the known re- 
act ions of cyanoguanidine, and with the spectral properties displayed by 
the f i lm samples. 
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The material which was cured a t  250°F and i n  which r e s i d u a l  un reac ted  
cyanoguanidine was appa ren t ,  was found t o  be flammable i n  a ca. 10077 
oxygen atmospiiere sc reen ing  tes t  performed a t  WRD. The  i c l l y  cured mater ia l  
was immediately s e l f - e x t i n g u i s h i n g  upon removal o f  t h e  gas/oxygen t o r c h  
flame . 
The experiments  were r epea ted  us ing  bo th  s tannous o c t o a t e  and tri- 
ethylamine as c a t a l y s t s .  In bo th  i n s t a n c e s  the  m i x t t r e  g e l l e d  almost  
immediately a f t e r  admixtcre of  t h e  catalyst .  
C. Tetraf luoro-p-amino Benzoguanamlne Curing Agent 
To p repa re  an a l t e r n a t e  t r i f u n c t i o n a l  e x t e n d o r / c r c s s l i n k i n g  agen t ,  
e f f o r t  has  a l s o  been d i r e c t e d  toward s y n t h e s i s  of te t ra f luoro-p-cyano 
a n i l i n e  ( I ) .  T h i s  compund w a s  in tended  f o r  Lse i n  t h e  s y n t h e s i s  of a 
new c u r i n g  agent  by r e a c t i o n  w i t h  cyanocpanidir!e t o  y i e l d  t h e  t r i f u f i c t i o n a l  
amine, te t ra f luoro-p-amino benzoguanamine (11) . 
NH H F F  
II I Rase . C-X - c 3x -- 
I t  w a s  hope6 t h a t  11 would be an  e f fec t ive  c u r i n g  agent  f o r  t h e  f l u o r i -  
n a t e d  polyure thane  system. The cured polyurea-urethane should a l s o  
possess improved high-temperature  p r o p e r t i e s  and axygen nonflammabil i ty .  
S y n t h e s i s  e f f o r t s  were l i m i t e d  t o  t h e  at tempted dehydra t ion  w i t h  
sodium borohydride cf the  commercial ly-avai lable  F-aminote t ra f luoro-  
benzanide.  
The r e a c t i o n  w a s  run  under t h r e e  d i f f e r e n t  r e a c t i o n  c o n d i t i o n s ,  b u t  
none of t h e  d e s i r e d  product  was obta ined  i n  any case. 
known t o  proceed normally w i t h  the nonf luo r ina t ed  snaloguc. 
Th i s  r e a c t i o n  is 
F u r t h e r  s y n t h e t i c  e f f o r t s  were precluded s i n c e  i t  was f e l t  t h a t  ex- 
tended s y n t h e t i c  work would d e t r a c t  from o t h e r  more promising s t u d i e s  c i t e d  
above and below. 
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D. Substituted Triazines 
It has been an objective of this program to improve the crosslinking 
bond strength and efficiency o f  the LOX-compatible and oxygen nonflammable 
poly(perfluoropropy1cne oxide) (PFPO) urethane system, to provide additional 
strength and thermal stability while maintaining desirable fluidity for 
conformal coatings and electronic embedment utilization, as well as for 
adhesive applications. Our method has been t o  utilize the formation of 
cyanurate urea (or semicarbazide) linkages, formed by chain extension of 
the isocyanate-capped PFPO bis-urethane prepolymer by reaction with 
melamine, cyanuric trihydrazine or a prepolymer derived from either of 
these strmtures. Such extension linkages have demonstrated thermal 
stability and facility of curing at 170"-250"F, and offer promise of up- 
grading the end-properties of the fluorinated polyurethane. We have aimed 
at modifying the polyurethane to a mi2imum degree t o  retain ease of fluid 
processing in the above-mentioned application areas. 
demands that the crossfinking be highly efficient at low crosslink density. 
This requirement 
We have demonstrated that the cyanuric trihydrazine-extended, 
cyanurate-semicarbazide (or cyanurate-urea) crosslilked poly(perf1uoro- 
propylene oxide) 
IY" (by 2:3 stoichiometry) or "H" (by 1:1:1 stoichiometry) cure (depicted 
in Figure 1 for the "Y" cure) is a very rapid (5 minutes at 200°F) curing 
system, producing a rather stiff elastomer in both cases. 
not very fluid, and consequently requires rubber-mill prepolymer processing. 
The product w a s ,  however, oxygen nonflammable (and nonigniting) under our 
test conditions. Also,  it was quite strong, demonstrating very well the 
suitability of this curing mechanism with high, or medium crosslink 
density. 
bis-urethane system, whlch can be utilized to give a 
The system is 
It appears that the cumulative effect of the hydrogen-bonding in 
this system precludes development of desirable elastomeric properties. 
Recourse was, therefcre, made to a less hydrogen-bonded system, with a 
lower crosslink density. In order to retain the cyanurate crosslink, 
with its enhanced stability, at lower densities, melamine was first in- 
corporated into the PFPO bis-urethane system by a "re-capping" reaction 
of excess melamine with isocyanate-capfied prepolymer in refluxing THF, 
according to Figure 2. 
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polyet her pi-epolymer Cya 1111 1- ic t r i hyd r a  z i ne 
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Figure 4 .  Cyanurate-semicarbazide extended, cyanurate-semicarbazide 
crosslinked poly(perf luoropolypropylene) bisurethane 
(Y -Crosslink) 
r 
-t- Excess 5 
F J 1. 
I lxF v 
5 
Figure 5. Melamine-capped prepolymer preparation 
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This structure, a glass-like solid s o l u b l e  in THF, lJMT - 3 O O 0 C ,  was 
utilized to prepare co-extended po1ymr.r sys tems containing melamine resi- 
dues in low concentration. It wa? found that the recapped prcpclynicr was 
compatible in the isocyanate-capped prepolymer-glycol-terminated system, 
and produced transparent polymer in 1:l incorporation reactions. Thus, 
by reacting the parent isocyanate-capped prepolymer with a mixture of 
glycol-terminated perf luoropolyether (to generate urethane) and melaniine- 
capped prepolymer (to generate cyanurate-urea) linear extended systems, 
were prepared. Mixtures of glycoL/melamirie-capped polymer of 0.9/0.1 and 
0.95/0.05 were used to generate extended poiymer containing 5-mole-percent 
and 2.5-mole-percent melamine residues respectively. The copolymer can be 
represented schematically as follows (Figure 3 ) .  
1.0 . 0.1 . 0.9 
\ J
.NH& c1 F 
0 
‘PO) - 0 - E - N H  
C l  
0 
It 
urethane 1.. 95 urea 0.05 
’ F  
Figure 6 .  Cyanurate-urea copolymer preparation 
These linear co-extended systems were hard, clear masses at room tempera- 
ture, and melted reversibly at ea. 200’C to mobile liquids. 
In order to cure these systems, chlorotrifluoro-m-phenylene diisocya- 
nate was used. Initially the molar amounts of diisocFante used corresponded 
to the mole-percentages of the melamine incorporated in the chain extension. 
In both cases, this was insufficient reagent for effective curing at 
either 170°F or at 250°F in press cure at 2000 psi. 
in diisocyanate level (ex. equivalent to all cyanurate-biuret formation) 
produced a clear elastomeric product, DSC break at 225”C, from the 10- 
mole-percent melamine capped modification. This high melting behavior 
indicates cyanurate ttrea and biuret formation. (A similar treatment of 
the 5-mole-percent modification produced a less satisfactory material, 
DSC breaks at 125”C, 225°C). 
Incremental increases 
Upon storage, however, some bubbles developed 
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i n  the  o therwise  t r a n s p a r e n t  elastomer f i lm .  
i n d i c a t e s  some unrcac tcd  i socyanate .  
This  deve lomcn t  probably 
These mod i f i ca t ions  i n  c u r i n g  agent  and cu re  mechanisms a l l  demonstra- 
t e d  profound e f f e c t s  on u l t i m a t e  polymer p r o p e r t i e s .  
h i g h l y - s u b s t i t u t e d  ( c r o s s l i n k e d )  systems produced cons ide rab le  upgrading 
of high-temperatu-e p r o p e r t i e s .  I t  i s  f e l t  t h a t  even more s i g n i f i c a n t  
improvements i n  h igh  temperature  c h a r a c t e r i s t i c s  are a t t a i n a b l e  by j u d i c i o u s  
cho ice  or' cand ida te  c u r i n g  agents .  The  LOX-compatibility, oxygen non- 
f lammabi l i ty  c r i t e r i a  impose, however, s eve re  l i m i t a t i o n s  on t h e s e  
materials. 
c o n t r a c t  and, as a consequence, t h e  h i g h e r  temperature c a p a b i l i t y  has  y e t  
;o be f u l l y  demonstrated and eva lua ted .  
couraging t h a t  w i t h  t h e  modest e f f o r t s  t hus  f a r  expended, a s i g n i f i c a n t  
improvement i n  t h e s e  p r o p e r t i e s  has  been a t t a i n e d .  Fu r the r  work is  
d e f i n i t e l y  i n d i c a t e d  and should prove q u i t e  f r u i t f u l .  
I n  g e n e r a l  t h e  more 
An even moderate s y n t h e t i c  e f f o r t  was beyond t h e  scope of  t h i s  
I t  i s  n e v e r t h e l e s s  q u i t e  en -  
I V .  CONFORIIAL COAT IKGS 
A .  Polymer Formulation 
V i s c o s i t y  c o n t r o l  and low tempera ture  cu re  requirements  p l ace  
moderately s t r i n g e n t  r e s t r i c t i o n s  on any conformal c o a t i n g  endeavor.  
I n i t i a l l y  w e  had hoped t o  prepAre some mod i f i ca t ion  of t h e  s u b s t i t u t e d  
t r i a z i n e  c u r i n g  agen t s  which would provide adequate  flow c h a r a c t e r i s t i c s  
under t h e  c o n d i t i o n s  of cure .  The v i s c o s i t y  of t h i s  melamine-terminated 
prcpolymer was shown, however, t o  be s u f f i c i e n t l y  h i g h  a t  room tempera ture  
t o  v i r t u a l l y  prec lude  i t s  use  i n  any a p p l i c a t i o n  where a h i g h l y  f l u i d  
system i s  needed. 
proved phys ica l  p r o p e r t i e s  imparted by i n c o r p o r a t i o n  of melamine as a 
c r o s s l i n k i n g  agent  rqhile s t i l l  r e t a i n i n g  f l u i d i t y  i n  t h e  uncured prepolymer 
mix system. 
An e f f o r t  w a s  made t o  t a k e  advantage of t h e  i m -  
A solvented-system approach should  be accep tab le  i n  conformal c o a t i n g  
a p p l i c a t i o n s  provided: 1)  s o l v e n t  removal can be achieved p r i o r  t o  
g e l l a t i o n  of  t h e  r e s i n  system; and, 2) s o l v e n t  i s  nonflammable. The 
r e a c t i o n  o f  d i i socyana te - t e rmina ted  prepolymer 111 w i t h  melamine i n  s o l -  
v e n t  t o  prepare  t h e  "re-capped" I V  prepolymer i s  as  fo l lows:  
n 0 
l v e n t  
I11 
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T h i s  r e a c t i o n  has bcen p rev ious ly  accomplished i n  t e t r ahydro fu ran  s o l v e n t ,  
and subsequent ly  used t o  prepare t r a n s p a r e n t  e las tomers .  
I t  was, t h e r e f o r e ,  hoped t h a t  t h i s  prcpolymer could be prepared and 
would - be s o l u b l e  i n  a so lvent  w h i c h  would be  nonflammable i n  
oxygen environment. Three acceptab le  so lven t s  were i n v e s t i g a t e d  f o r  t h i s  
r e a c t i o n ,  wi th  i n s o l u b i l i t y  encountered i n  a l l  t h r e e  cases. Melamine was 
found t o  be i n s o l u b l e  i n  a l l  t h r e e  s o l v e n t s :  hexafluorobenzcne, hexa- 
fluoro-pentamethylene oxide ,  and Freon 113. The prepolymer PE'PO(OH)2 was 
found t o  be so lub le  i n  t h e s e  s o l v e n t s .  Some evidence of r e a c t i o n  w a s  
noted by i n f r a r e d  spectroscopy,  but u n f o r t u n a t e l y  the  "re-capped" (111) 
prepolymer was a l s o  found t o  be i n s o l u b l e  i n  t hese  so lven t s .  
10077 
Re-capping wi th  melamine was accomplished, a s  p rev ious ly ,  i n  r e f l u x i n g  
te t rahydro ' furan.  The p a r t i a l l y  i n s o l u b l e  polymer was i s o l a t e d  wi th  
d i f f l  u l t y  from excess  melainine by c e n t r i f u g a t i o n  techniques.  
was removed under vacuum and t h e  r e s u l t i n g  v iscous  rc-capped prepolymer 
(IV) was found t o  be i n s o l u b l e  i n  t h e  t h r e e  nonflammable s o l v e n t s  
u t i l i z e d  above. 
The s o l v e n t  
A l t e r n a t i v e l y  WE tu rned  our  a t t e n t i o n  t o  t h e  al lophanate-cured 
UFPPO(OH)2 and PFPO-DI systems. 
almost i d e a l  c h a r a c t e r i s t i c s  f o r  conformal c o a t i n g  a p p l i c a t i o n s .  I t  was 
i n i t i a l l y  f ea red  t h a t  the  h igh  r e a c t i v i t y  of t h e  i socyanate  moiety would 
cause excess ive  bubble (CO2) formation when t h i n  uncured prepolymer mixes 
were exposed t o  atmospheric moisture .  This  d i d  not prove t o  be t h e  case, 
however. 
good s u b s t r a t e  bonding c h a r a c t e r i s t i c s .  The e f f e c t  ( i f  any) of  mois ture  
does not i n t e r f e r e  wi th  cure .  I n f r a r e d  spectra  of c a s t  f i l m s  which were 
cured under anhydrous and ambient c o n d i t i o n s  showed no s i g n i f i c a n t  
d i f f e r e n c e s .  I n f r a r e d  r e f l e c t a n c e  measurements (on coated aluminum) 
us ing  a cont inuous ly  v a r i a b l e  ATR ( a t t e n u a t e d  t o t a l  r e f l e c t a n c e )  u n i t  
l ikewise  showed only  marginal d i f f e r e n c e s  when-compared w i t h  cast f i l m s  
cured under annydrous c o n d i t i o w .  One would expect  a marked d i f f e r e n c e  
i n  t h e  1600 t o  1700 c m - 1  reg ion  i f  s i g n i f i c a n t  amount of hydro lys i s  
(foilowed by subsequent u r e a  formation)  had occurred.  
These systems were shown t o  possess  
c lear ,  bubble-free c o a t i n g s  were obta ined  which showed very  
A number of formulat ions were compoitnded with t h e  u l t i m a t e  ai-m of 
ob ta in ing  cont inuous,  tough f i lms  which would perform w e l l  i n  t h e  pre- 
s c r i b e d  a p p l i c a t i o n .  The screening  technique was c a r r i e d  out  on aluminum 
f o i l ,  which was meant t o  s imula t e  t h e  c i r c u i t  boards. 
while  e f f e c t i v e ,  neve r the l e s s  d i sp layed  c e r t a i n  l i q i t a t i o n s .  
This  approach, 
The aluminum panels  were t r e a t e d  s i m i l a r l y ,  namely: 
1. so lven t  degrease 
2. e t c h  
3 .  oven dry  a t  150°F 
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I n i t i a l  experiments  were run  us ing  the  t i yd roq l - t e rmina ted  ure thane  
extended Ul?FPO(OH)2 and l - ch lo ro -3 ,4 ,6 - t r i f l uo ro -m-pheny lcnc  d i i socyana te .  
The fo l lowing  flow diagrams show t h e  sequencing and obse rva t ions  du r ing  
and a f t e r  speciinen p r e p a r a t i o n  and cure .  
HOCH2 (PFPO)CHZOH + OCN- 1 
M.W. -1740 
-NH-CO2CH2 (PFPO)CH20M 
1 
HObH2 (PF PO) C1J2 O2C-E\'H 
UFFPO (OH' 
The r e s u l t i n g  f i l m s  showed l o c a l i z e d  bubbles  which may be  a t t r i b u t a b l e  
t o  l o c a l  h igh  c o n c e n t r a t i o n s  o f  d i i s o c y a n a t e ,  which i n  t u r n  r e a c t e d  w i t h  
r e s i d u a l  s u r f a c e  mois ture .  I n  aay case, t h e  l ack  of t o t a l  s o l u b i l i t y  w a s  
n o t a b l e  and c e r t a i n l y  n o t  d e s i r a b l e .  
A d i f f e r e n t  s e r i e s  was prepared w i t h  some ou t s t and ing  r e s u l t s .  An 
i socyanate- te rmina ted  prepolymer was p iepared  as fo l lows:  
xco 
c 1  
HOCH2(PFPO)CR,0H L -t 2 00'  
I 
NHCO2C1I2 (PFPO)CH2O2CXH 
c1 OChm 
P F P O - D I  
T h i s  system was completely m i s c i b l e  w i t h  t h e  hydroxyl- terminated prepolymer 
mentioned above. As a n t i c i p a t e d ,  t h e  use of  a completely homogeneous 
polymer premix r e s u l t e d  i n  f i l m s  of  ou t s t and ing  c l a r i t y  and toughness.  
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UPFPO (OH) I-2L.J 
L 4 
app ly  t o  pane l s  
Room 
160°F Temp 
Add Sn Oc toa tc  Add d i i s o c y a n a t e  & degas 
f 
(no change) 
m i s c i b i l i t y  
15 Min. a t  R.T. 
I '  
I 
T u r b i d i t y  
(ve ry  f l u i d - m i l k y  appearance)  
1 '  
Add Sn Oc toa te  
Cure o v e r n i g h t  
a t  160°F 1 
T r a n s l u c e n t  tough film 
with evidence  of 
i m i  c i b  i 1 i t  y 
Milky 
I 
28 
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The above coatings verz formulated i n  such a nartrler t h a t  t h c  f i n a l  
overall SCO/O!i r a t i ~  ~ 3 %  ihe SCLLT-- in a l l  cases (1.S SCO/l OH) .  T h i s  is 
the  r a t i o  previm:ly e s t ab i :  >;led a:: optiaun fo r  adhesives  a p p l i c a t i o n s .  
I t  has ycr tc be a x e -  i s i c e d  whether o r  n o t  Lhis  same r a t i o  is opcinum 
f o r  coa t ing  a p p t x z t i b , . s .  T h i s  w i l l  be d e t e m i n e d  i n  f u t u t c  work. 
Since the  new forward/r  2vcrse-capped combinat ion  svs t ens  appeared so 
a t t r a c t i v e ,  t w o  specimen c i r c < I i t  boards provi4ed Ly 'ASA-Huntsville wcre 
co.:ted ( w i t h  compments n o u n t d )  w i t h  formula t ions  I and 111. T h e  c i r cu i t  
t o a r d s  were clezned in i sapro3anol  follswed by t r i c h l o r o c t h y l e n e  and oven- 
Cried a t  150°F. The polyzer  premix w a s  a p p l i e d  by using a s t i f f  b r i s t l e  
brush. Aluminurn panels  were concur ren t ly  prepared and t h e  four  speciceas 
were cured i n  a v e r t i c a l  p o s i t i o n  i n  a c i r c u l a t i n g  a i r  oven for 65 h w r s  
a t  LSO'F. A l l  €our c o a t i n g s  w e r e  toug3, glossy and t i g h t l y  bonded t o  the 
s u b s t r 2 t e .  These samples vere forwarded t o  the Marshal l  S p c e  F l i g h t  
Center f o r  t n s p e c t i c n .  
Sample d i s c s  ( 2  i n .  x 1/8 in . )  of t h i s  same p o l y m r  f o r m u l a s i m  wecz 
a l s o  s u b a i t t e d  t o  EEFC f c r  j i e lec t r ic  ces t ing .  Sample f i l m s  vere also 
forvzrded f o r  f l a m a b i l i  t y  a;.< 'LOX-cornpat: i b i  l i t y  t e s t i n g .  
6 .  E f f e c t  of  V a r i a t i o n  i n  KO/CW R a t i o  -
The e f f e c t s  on adhesion ( tensi ie  s%ear )  w t t h  v s r i c t i s n s  i n  the over- 
all h'CO!OH r a t i o  h3ve a l r e a d y  h e n  desc r ibed  above. 
p r G p e r t i e s  were a l s o  i n v e s t i g a t e d .  Xhe prc jper t ies  s t u d i e d  were: (E)  
thermal c o e f f i c i e n t  of expsnsion;  (2) penetrometer s t u d i e s  ( L O  g/cm2 l c d j ;  
and, (3; d i f f e r e n t t a l  thermal  ana1gsi.s. 
The bulk  r e s i n  
Good corrc  l a t i o n  was founci between the penetrometer s tudy and the-mal  
expansion curves. 
c l o s e  agreelnent, wi th  the  except ion  of  one anomalous r e s u l t ,  namely with 
t h e  1.5,'i XCO/@H system. 
The TG as  determined by M ' A  was a l m  g e c e r a l l y  i n  
These v a l c e s  vi11 be rechecked. 
TABLE IV 
BGLK RESIN PROPERTIES As A FVNCTION 3F KCO/OH RA'TIO 
Thermal Exp. Coei 'f i .cient ( i n / in / "C)  Penetrometer 'k by Hardness 
NCG/OH -80°C -20°C +80°C 10 g/cmz load DTA Shore D -- 
1.8 7.5 10-5 
1.6 9.16 y 
1.5 9.b3 X 
1.4 8-84 x 
1.3 i 1 . b  x 
1.2 19.3 x 
;k Shorz A-2. 
*;' p)fl' = 6O'C 
** !?MT = 30°C 
~. - . 
1.80 10-4 
1.09 10-4 
1.24 10-4 
1.10. x lo-!+ 
1.71 x 10' 
- -  
2.62 16'4 4.18" 2 2 O  5 6  
3.46 x IO'& -rfio 16" 44 
2.92 10-4 3" -4" 33 
2 ~ 0  16-4 +28" +lo 42 
-H -6" - 55* 
-* -24" - 452 
1 
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C. Spray Appl ica t ions  
Soolvcnted spray  sysrems have been c u r s o r i l y  e x m i n e d  and r e s u l t s  thus  
far have been nost encuuraging. 
The choice  of p a r e n t i a l  s c l v e n t  candida tes  is n e c e s s a r i l y  1im;'ed due 
LD the nx t f l anmab i l i t y  r e q u i r e c r n t .  
result in a l e v e r i n g  of t h e  phys ica l  E - \ p c r t i e s  of t h e  cured c o a t i n g  and 
vocld l i k e w i s e  i n p a r t  g r e a t e r  f l a -b i l i t y  i f  t h e  s o l v e n t  i t s e l f  w e r e  
flammable. 
A r y  r e s i d u a l  solvtrnt would c e r t a i n l y  
The s o l v e n t  systea of choice  would i d e z l l y  possess  s u f f i c i e n t  
v o l a t i l i t y  :o a l l cw its f a c i l e  removal (by cvapora t ion)  p r i o r  t o  g e i l a t i o n  
of the  p o l > m r .  Too r ap id  a s o l v e n t  loss would cause inadequate  flow 
w i t h  subseqczent i q x r f e c t  s u r f a c e  c h a r a c c e r i s t i c s .  The optimum solvent 
systcn! has, as y e t ,  no t  been developed. 
The s o l u b i l i t y  c h a r a c t e r i s t i c s  of the  prepolymer components 
'[UPFW(Oi-r)2 and PFm-DI; presen t  an i n t e r e s t i n g  s i t u a t i o n .  b o n g  those 
solvects investigzKcd w a s  JuPont ' s  E S e r i e s  F lu ids ,  These nonfl-b!.e 
cizc:eria;s h ~ v e  t h e  fe l lawing  s t r u c t u i e :  
One would a n t i c i p a t e  ready s o l u b i l i t y  of t h e  prepolymer components s i n c e  
by far tha major i ty  of t h e  structure c o n s i s t s  o f  perf luoropmpyleneoxide.  
This is n o t  the  C ~ S C ,  however. S x p r i s i n g l j ,  t h e  hydroxy- temina ted  
matericl is only la; s o l u b l e  whereas t h e  isocyanate- terminated material 
is e s s e n t i a l l y  in so lub le .  
Other s o l v e n t s  i n v e s t i g a t e d  included t e t r a c h l o r o e t h y l e n e  (which 
demonstrated very poor s o l u b i l i t y  c h a r a c t e r i s t i c s  but  unaccountably causcd 
very r a p i d  gei1ati .m. of t h e  p c f p e r  mix), hexaf luoropentaraethyhme oxide,  
Freon 133, and carbon t e t r a c h l o r i d e .  
Mixed systems OF Chc above mentioned s o l v e n t s  showed no apprec iab le  
improvement over  a s i n p l e  s o l u t i o n  i n  Freon 113, 
We have suc .cess fu l ly  sprayed 2 cont inuous c o a t i n g  by us ing  t h e  non- 
flammcble Freon-113 as t h e  s o l v e n t  veh ic l e .  
toward "orange-peeling". 
r a p i d  a release of rather v o l a t i l e  s o l v e n t  arc! +c thc ;.toderately h igh  
. J i s c o s i t y  of t h e  r e s i n  s y s t e n  i n h i b i t i n :  adequate f luv .  When t h e  sprayed 
panels  were cured a!: 169°F t h e  v i s c o s i t y  of t h e  depos i ted  r e s i n  was sub- 
s t a n t i a l l y  reduced so t1at only  a s l i g h t  "waviness" w a s  v i s i b l e  i n  iche 
coa t ings .  
f c r  120 hours)  coa t ings  w r o  q u i t e  s l o s s y  and had a p e n c i l  h a r d n e s s  of 
4 H .  
Thz c o a t i n g s  showed a t e n d e w y  
Th i s  s u r f a c e  e f f e c t  nay b e  a t t r i b u t e d  t o  t o o  
They were o t h o l l i ; s t  h igh ly  acceptab le .  Thus , t he  cured (160°F 
Remarkably, the tightly adhered c o a t i n g  s u c c e s s f u l l y  passed a 180" 
bend Dvcr a i!3 i n .  mandrel a t  room tcmpernture -- and - a l so  - a t  -320'F. 
s c r i b e d  coa t ing  a l s o  s u c c e s s f u l l y  passed repeated Scc tch- tape  adhesion 
tests. 
The 
i t  is i n t c r t s t i r , y  ;o note  that catalyst (s tannous o c t a o t e )  i n s o i u b i l i t y  
occurred if the ?,repolper components a r e  no t  mixed p r i o r  t o  d i s s o l u t i o n .  
I f  ;remixed, t h e r e  vas  - no evidence of i n s o l u b i l i t y .  
Ten square feet of 0.003 i n .  decld s a f t  aluminum f o i l  was coated  us ing  
a l acquer  a t  20% s o l i d s  l e v e l  and was submit ted t o  S F C  f o r  t e s t  and 
eva lua t ion .  
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CONCLUS iONS 
The r e s u l t s  of  t h e  work a qomplished t o  d a t e  may be summarized 
as fol lows:  
I. Adhesive Formulat iuz 
A. Allophanate  Cured System 
Lap shear s t r e n g t h s  have been s i g n i f i c a n t l y  upgraded i n  t h e  c ryogenic  
and moderate (< 150°F)  temperature  reg ions .  
are c o n s i s t e n t l y  o b t a i n a b l e  a t  l i q u i d  n i t r o g e n  (-320°F) tempera tures .  
Room-tern} q t u r e  s t r e n g t h s  have been improved t o  such an e x t e n t  t o  permit  
ex?e,ct,' s of r ep roduc ib le  bond s t r e n g t h s  i n  t h e  range of 2300 t o  2500 
p s i .  Major imy;cvemcnts i n  ease of handl ing  and s t o r a g e  s t a b i l i t y  have 
l i kewise  been s t i m g l y  demonstrated.  
Values of  6000 t o  7500 p s i  
B. Improved High-Temperature Performance 
The f e a s i b i l i t y  of marked improvement i n  upper  tempera ture  proper-  
t ies  h a s  been amply demonstrated by t h e  i n c o r p o r a t i o n  of cyanoguanidine 
and amine-terminated PFPO as c u r i n g  agents .  The nonflammabil i ty  c r i t e r i o n  
imposes a severe l i m i t a t i m  on p rospec t ive  mine - type  c u r i n g  a g e n t s ,  
b u t  i t  i s  f e l t  t h a t  s u i t a b l e  materials are =enable  t o  s y n t h e s i s .  Such 
an  approach i s  c e r t a i n l y  warran ted  based on t h e  ev idcnce  a l r e a d y  i n  hand. 
11. Conformal Coat ings  
Concurrent w i t h  t h e  o v e r a l l  improvements i n  adhes ive  formula t ion  
brought  about by u t i l i z a t i o n  of  t h e  two-prepolymer UPFPO(OH)2 and PFPO-DI 
system, t h e  area of  conformal c o a t i n g s  and embedment compounds has  been 
brought much c l o s e r  t o  f u l l  f r u i t i o n .  D i v e r s i f i e d  a p p l i c a t i o n  t echn iques ,  
i n c l u d i n g  d ip- ,  spray- (so lvented)  and brush- have been i n v e s t i g a t e d  
and shown t o  be r e a d i l y  s u i t a b l e .  High gloss ,  tough,  cont inuous c o a t i n g s  
have been r o u t i n e l y  prepared u s i n g  a l l  t h e s e  techniques .  The optimum 
formula t ion  has  n o t  y e t  been f i n a l i z e d .  
111. Analys i s  and P repa ra t ion  o f  PFPO(OH)2 
Vapor-phase chromatography has  been shown t o  be an  e f f e c t i v e  tool 
for thorough a n a l y s i s  and molecular  weight determf-nation of hydrcxyl-  
te rmina ted  PFPO(OH)2. Rapid,  a c c u r a r a t e  ana lyses  are t h c  ' iesult of t\e 
work described i n  t h e  body of  t h i s  r e p o r t .  The achievement of t h i s  g o a l  
a l lows  an  op t imiza t ion  program t o  proceed under much more c l o s e l y  con- 
t r o l l e d  c o n d i t i o n s  which should f i n a l l y  r e s u l t  i n  o b t a i n i n g  polymer w i t h  
t h e  most d e s i r a b l e  c h a r a c t e r i s t i c s .  
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RECO>PXNDATLONS FOR FUTURE WORK 
The major follow-on e f f o r t s  should be in t hose  areas a l r eady  t r e a t e d  
a t  l eng th  above i n  t h e  body of  t h e  r e p o r t .  I t  i s  f e l t  t h a t  emphasis on 
de r ived  systems t o  i m p a r t  improved thermal c a p a b i l i t y  should r e s u l t  i n  
c o r o l l a r y  improvements i n  adhesion and polymer toughness.  C e r t a i n l y  t h e s e  
e f f o r t s  should inc lude  s igr i i f ics r l t  work d i r e c t e d  toward s y n t h e s i z i n g  poten- 
t i a l  urea-forming (amine/isocya:iate) m o i e t i e s  i n  a d d i t i o n  t o  those  o t h e r s  
a l r e a d y  mentioned (melamine, e t c . )  . 
New- and modif ied-curing agen t s  should be s t r u c t u r e d  t o  provide a 
minimum ( o r  no) f lammabi l i ty  s e n s i t i v i t y .  Consequently,  t h e  h i g h e s t  
promise of  success  w i l l  l i e  in those  materials which possess  no ( o r  a 
mi7inium) 0.i carbon-hydrogen bonds, 
toward development of pe r f l i i o r ina t ed  a romat ic  d i -  a n d - t r i - a m i n e s  and 
s u i t a b i y  s u b s t i t u t e d  h e t e r o c y c l i c  systems. 
Hence t h e  e f f o r t s  should be d i r e c t e d  
Improvements i n  so lven ted  c o a t i n g  a p p l i c a t i o n  may be expected fo l lowing  
an e x t e n s i v e  s tudy  o f  a p p l i c a b l e  s o l v e n t  systems. A less v o l a t i l e  non- 
flammable system i s  needed b e f o r e  h i g h  p e r f e c t i o n  c o a t i n g s  can be prepared 
a n  an  e a s i l y  processable  r ep roduc ib le  b a s i s .  
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EXPERIMENTAL 
TYPICAL PREPARATION OF HYDROXYL -TERNINAT ED POT,Y PERFLUOROPROPYLENE 
OXIDE [ PFPO(OI1!2] 
A. PreDara t ion  of P e r f l u o r o g l u t a r v l  F luo r ide  
0 0 0 
I t  I1 I1 
FC (CF2) 3CF NaF ~ A '  (CF2)3-C-C1 
Sodium f l u o r i d e  (731 g ,  17.5 mole) w a s  d r i e d  overn ight  a t  316°C i n  
a f i ve - l i t e r  f l a s k .  The f l a s k  was removed from t h e  oven and allowed t o  
c o o l  m d e r  a d r y  n i t r o g e n  flow. R e d i s t i l l e d  s u l f o l a n e  (2100 ml) w a s  
added and s t i r r i n g  begun. P e r f l u o r o g l u t a r y l  c h l o r i d e  (1328 g ,  4.75 mole) 
w a s  added over  a per iod  of t h r e e  hours .  The tempera ture  was kept  below 
35" dur ing  t h e  a d d i t i o n .  
allowed t o  r e f l u x  (49°C) f o r  5 hours.  After s t and ing  (under n i t r o g e n )  
ove rn igh t ,  t h e  v o l a t i l e  material  (< 49°C b.p. ,  746 g )  w a s  i s o l a t e d  by 
d i s t i l l a t i o n  and ther: d i s t i l l e d  through a he l ices-packed ,  96-cm vacuum- 
j acke ted  column. The f r a c t i o n  b o i l i n g  a t  45"-46"C w a s  c o l l e c t e d .  P u r i t y  
(by VPC) w a s  > 9%, and t h e  y i e l d  w a s  730 g. 
Heat was a p p l i e d  and t h e  r e a c t i o n  mixture  
B. Polymerizat ion o f  Per f luoropropylene  Oxide 
CF3 0 
I / /  
0 0 0 0 CF3 
ti II II I .  
SF 3- FC -CF ( OCF2CF) 0 (C F2)5 0 ( CFCFZO -CF-CF 
/ \  
CF -CF-CF2 + F-C(CF2)3-CF 3 
+ 
CF3 0 
tF3 I il 
CF3C F2C F20 ( CFCF20)tF-CF 
Cesium f l u o r i d e  (44.6 g ,  0.34 mole) w a s  d r i e d  i n  a t w o - l i t e r  r e a c t i o n  
f l a s k  a t  315°C f o r  5 days.  The d r i e d  material  w a s  allowed t o  c o o l  under 
d r y  n i t rogen .  The p a r t i a l l y  s o l i d i f i e d  mass w a s  broken up i n t o  small lumps 
and doubly d i s t i l l e d  diglyme (bop .  162"-163"C, 165 m l )  was added. 
mixtuye was then  s t i r r e d  f o r  30 minutes.  P e r f l u o r o g l u t a r y l  f l u o r i d e  
(1l5.5 g, 0.475 mole) was added over a one-hour p e r i o d ,  w i t h  t h e  tempera- 
t u r e  of t h e  s t i r r e d  r e a c t i o n  mixture  maintained a t  1O"-ll"C w i t h  a d r y  
i c c / a c e t o n e  ba th .  The f i n e l y  d i s p e r s e d  s l u r r y  w a s  s t i r r e d  an a d d i t i o n a l  
30 minutes a t  10"-11°C. 
propylene oxide (25.0 g ,  0.15 mole) was added over  a 40-minute per iod  a t  
t h i s  temperature .  The r e a c t i o n  mass w a s  allowed t o  warm t 3  1 0 ° C  and t h e  
remainder of  t h e  epoxide (P75 g ,  5.85 mole) was added (T = 9"-1O0C) over  
a four-hour  per iod .  S t i r r i n g  was cont inued overn ight  a t  ambient tcmpera- 
tures .  F i l t r a t i o n  through f i n e  f r i t t e d  g l a s s  funne l s  produced 965 g of  a 
The 
The mixture  was cooled t o  -13°C ar3 p e r f l u o r o -  
e 
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clear, colorless mobile liquid. Fractional distillation under  reduced 
pressure  yielded the following cuts: 
Boiling Total 
Range, "C !!EL& Weight 
cut I 27 -42 0.3-0.1 125.4 g 
cut 11 24-40 0.05-0.07 129.3 g 
cut 111 43-61 0.10-0.06 26.1 g 
cut IV 64-96 0.10-0.07 44.1 g 
cut v 93-126 0.06-0.08 410.3 g 
cut VI 135 -148 0.08-0.10 73.3 g 
808.5 g collected 
130.0 g material was collectdd in che pre-pump dry ice/acetone traps. 
The molecular weight of Cut V 103s -... termined by VPO measurements in 
Freon 113 using benzil as a standPrd. A plot of  the data resulted in an 
essentially straight line with an extrapolated zero-zero intersection. 
Acid fluoride number was determined by the following procedure: 
Place 75.00 ml of standardized 0.1N NaOH in a 250 ml flask. 
Add 10 ml of 5% pyridine in water solution. Weigh in 3 to 4 milli- 
equivalents of PFPO acid fluorrde. Stopper the flask and shake 
for at least 2 hours and until clear. Titrate with standardized 
0.1N hydrochlorlc acid to the phenol-phthalein end point. 
(2000) (Sample Weight) (grams) 
(ml Base x N Base)-(ml acid x N acid) 
EW = 
Sample Results 
Sample (as above) in Freon 113 Functionality 
Equivalent Weight Molecular Weight by VPO Indicated 
cut v 679, 681, 682 1356, 1366 2,oo 
C, Reduction of Acyl Fluoride-Terminated Polyperfluoropropy?ene Oxide 
J,AH * 
PFPO (OH) 2 
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Lithium alumicclm hydr ide  (i12.5 g ,  2.96 mole) was careful1.y added 
t o  dry  t e t r ahydro fu ran  (54W m l )  i n  a 12 l i t e r  Morton f l a s k  and s t i r r e d  
f o r  one hour. Crude 1:i ifractionated polyperf luoropropylcne oxide (1590 g )  
w a s  added over  a four-hour per iod  us ing  e x t e r n a l  coo l ing  t o  n a i n t a i n  t h 2  
temperature  between 10'-20°C. The gray  s l u r r y  was v igo rous ly  s t i r r e d  
throughout t h e  a d d i t i o n  and then f o r  an a d d i t i o n a l  t h r e e  hours.  Wet (20"/,, 
500 ml) THF w a s  c a u t i o u s l y  added C J Y ~ L -  a two-hour per iod and s t i r r e d  f o r  
an  a d d i t i o n a l  30 minutes. The gray  emulsion GZ then c a u t i o u s l y  poured 
i n t o  5 l i ters  of 5% s u l f u r i c  a c i d  w i t h  s t i r r i n g  and allcwed t o  s t and  over- 
n i g h t .  The c l e a r  f luorocarbon l a y e r  w a s  i s o l a t e d ,  d i ssDlvtd  i n  e t h e r  (2 
l i t e r s )  and d r i e d  24 hours  ( ~ g s 0 4 ) .  The e t h e r  w a s  then  removed from t h e  
f i l t e r e d  s o l u t i o n ,  y i e l d i n g  1494 g of crude product .  Vacuum f r a c t i o n a t i o n  
r e s u l t e d  i n  t h e  fol lowing f r a c t i o n s :  
T o t a l  Weight F r a c t i o n  Boil i i lg  !an= mm Hg 
I 26-70' 0.4-0.5 103.3 g 
2 65 -67 0.3-0.4 147.4 
3 68-82 0.3-0.4 136.2 
4 83-173 0.2-0.3 944.2 
1331.1 g c o l l e c t e d  
I n  a d d i t i o n ,  163 g of low b o i l i n g  material was caught i n  t h e  dry  ice/  
acetone t r a p s .  
F r a c t i o n  No. 4 h;id a molecular  weight o f  1740 by VPO determina t ion  i n  
THF. 
e x t r a p o l a t e d  ( ze ro  concen t r a t ion )  i n t e r s e c t i o n .  
The d a t a  p l o t  showed a marked nega t ive  cu rva tu re  w i t h  a non-zero 
PREPAKATION OF ISOCYANATE-TERMINATED POLYPERFLUOROPROPYLENE OXIDE 
PREPOLYbER (PFPO-DI ) 
xc 0 
2 ocN&cl F/ 
P 
CITFPDI PFPO (OH) 
H O  O H  
I1 I 
o C N m & - ! O -  RFPO-OC-N , N O  4' 
\c1 c1 FFPO-DI s 
Hydroxyl-terminated polyperf luoropropylene oxide PFPO(OH)2 (30.8 g ,  
0.0200 mole) was charged t o  a r e s i n  k e t t l e  under d r y  n i t r o g e n  and 6-chloro- 
2,4,5-trifluoro-m-phenylene d i i s o c y a n a t e  (10.5 g ,  0.0423 mole) was added. 
The two-phase mixture  was s t i r r e d  as t h e  temperature  was s lowly r a i s e d  
( o i l  ba th ) .  The  s o l u t i o n  became homogeneous when t h e  temperature  reached 
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86°C. 
of tlic i n f r a r e d  band z?t: 3400 cm-1 (-OH s t r e t c h i n g )  and the  concurren t  
appearance and i n c r e a s e  i n  t h e  band a t  3300 cm-1 (X I1  s t r e t c h ) .  
s t i r r i n g  f o r  2 hours a t  a temperature o f  90" -95"C ,  t h e  system was thoroughly 
evacuated ( a t  95") and excess  d i i socyana te  removed wi th  vacuum. 
The progress  o f  t h e  r e a c t i o n  was followed by not ing  the  disappearance 
Af te r  
PREPAHATION OF UKETKWE-ESTLNDED HYDROXYL-TERMINATED POLYPERFLUORO- 
PROPYLENE OXIDE-UPFPO (OH) 2 
PFPO(OH)2 CITFPDI 
A mixture of PFPO(OH)2 (30.8 g ,  0.020 mole) and ClTFPDI (2 .63  g ,  
0.01G5 mole) w a s  s t i r r e d  overn ight  a t  90°-100"C under a d r y  N2 atmosphere. 
The cloudy,  eas i ly-pourable  l i q u i d  b * s  i v ided  i n t o  two equal  po r t ions .  
Stannous o c t o a t e  (6.7 mg, 0.04X by wei6,lt) was added t o  one-ha l f .  There 
vas no apparent  d i f f e r e n c e  between the  ca t a lyzed  and the  unca ta lyzed  h a l f  
a f t e r  prolonged (> 6 months) s t o r a g e  a t  room temperature .  Shear  s t r e n g t h s  
of adhesive prepared from r e c e n t l y  ca t a lyzed  and t h e  s t o r e d  c a t a l y z e d  
m a t e r i a l  were e s s e n t i a l l y  equiva len t .  
PREPARATION OF HYDROXYL -TF RMTNATED POLY HEXAF LUOROPE NTAMET HYLENE CARBONATE 
A. Prepa ra t ion  cl: Hexafluoropentamethylene-Bischloroformate 
0 0 
HOCH2(CF2j3CH20H + C0CL2 W I1 - C1 ! OCH2(CF2)3CH20CC1 
phosgene (450 g ,  4.6 mole) was condensed i n t o  d i e t h y l  e t h e r  
(8 l i t e r s )  a t  - 1 Q - O ' C .  
period of 30 minutes wi th  r a p i d  s t i r r i n g ,  producing a s l u r r y  of ch loro-  
carbonylpyridinium c h l a r i d e  .Hexafluoropentanediol (424 g ,  2.0 molej i n  
d i e t h y l  e t h e r  (1OQO ml) was added over  a 2-hour per iod  and t h e  temperature 
allowed t o  cone t o  ambient. S t i r r i n g  was cont inued f o r  4 hours .  The 
r e a c t i o n  rnlxture was then F i l t e r e d  under d r y  n i t r o g e n  and allowed t o  s t a n d  
overnighc. The so lven t  was then  removed from t h e  clear s o l u t i o n  under 
reduced p res su re  (40°C). Vacuum f r a c t i o n a t i o n  o f  the remaining mobile 
l i q u i d  was c a r r i e d  out .  Thc f r a c t i o n  b o i l i n g  between 82"-86"C a t  2-4 mm 
was col lecLed.  Vapor phase chromatography i n d i c a t e  p u r i t y  > 99.7%. T o t a l  
y i e l d  was 326 g (48%). 
Pyr id ine  (332 g, 4.2 mole) w a s  then  added over a 
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B . Prepa ra t ion  of flydroxy 1 -Tel-mi;iat - cd Po lyhexaf luoropentamethyl m e  
Carbonate 
0 0 
Hexaf luo ropmtaned io l  (84.8 g ,  0.40 mole) wds d i s so lved  i n  d r y  te t ra-  
hydrofuran (i3G d).  Pyr id ine  (32 .4  g ,  0.41 zrole) was added and t h e  
mixture  cooled t o  Iv 5°C. 
g, 0.20 mole) i n  THF (5a m l )  was added w i t h  s t i r r i n g  over  a me-hour  per iod .  
The temperature  was kept  a t  <: 15°C dur ing  t h e  a d d i t i o n ,  then  s t i r r e d  over-  
n i g h t  a t  room temperature .  The s l i g h t l y  pink F r e c i p i t a t e  of pyridinium 
c h l o r i d e  was f i l t e r e d  o f f  2nd t h e  r e s u l t i n g  6;atzr-w'iiite s o l u t i o n  was 
poured i n t o  one l i t e r  of w a t e l ,  vhich ha3 been a c i d i f i e d  w i t h  20 m l  o f  
conc. H C 1 ,  and v igo rous ly  s t i r r e d .  A f t c r  s z z t l i n g ,  t h e  aqueous l a y e r  was 
removed by decan ta t ions  and t h e  a c i d  wash was r ep rd ted .  The v i s c o u s  o i l  
w a s  then washed twice w i t h  d i s t i l l e d  water ( 3  x 1000 d). A f t e r  t h e  f i n a l  
water wash, t h e  whi te  v i scous  o i l  was t aken  up i n  T'# and di-led over 
MgS04 overn ight .  Following f i l t r a t i o i i  and vaculJm removal of s o l v e n i  (zt 
90°C) a p a l e  yel low very v i scous  a i l  w a s  ob ta ined  which s lowly  s o l i d i f i e d  
over  a per iod  of s e v e r a l  days; y i e l d  109.1 g (i9.5%). 
Hexafluorcpentamcthylene-bischloroformate (67.4 
' 
Vapor p re s su re  osmometry showed t h e  fol lowing r e s u l t s ;  
Molecular Weight Molecular Weight 
Theow Found 
688 7 15 
PREPARATION OF THE POLYURETHANE (NCO/OH = 1.8/1) 
PFFO-DI (21.10 g ,  0.009 mole) and t h e  hydroxyl-terminated poly-  
carbonate  (3.57 g ,  0.005 inole) were charged t o  a resin k e t t l e  a t  ,., 60°C 
and 5 drops of u v e r s o l  i r o n  l i q u i d  (6% Fe) c a t a l y s t  were added and t h e  
mixture  s t i r r e d  10 minutes. A f t e r  vacuun degass ing ,  t e n s i l e  shear bonds 
were prepared as above and cured overn ight  a t  17SOF. 
A bubble- f ree  f i l m  was prepared s h i l a r  t o  t h a t  above. 
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The c a l c u l a t i o n  f o r  t h e  o v c r a l l  NCO/OH r a t i o  i s  dcsc r ibcd  below. 
Morc rncaningful r e s u l t s  a r c  ob ta tnab lz  i f  the  o v e r a l l  NCO/OH va lue  i s  uscd 
r a t h e r  than simply the  r a t i o  r L  the  cu r ing  t e rmina t ions  i n  t h e  d u a l  p re-  
polymer UlV’PO(OH)2 and PFPO-DT. 
The prepolyners  may be schemat i ca l ly  diagrammed as fo l lows:  
then 
i f  we 
T 
A =  
B =  
UPFPO(OH)2 = 
PFPO-DI = 
l e t  C Y =  
B =  
e o b t a i n  the  f o  
C lTFPDI 
PFPO (OH) 
BAB = ( L A ,  2 B )  
ABA = (2A, 1B) 
PFPO-DI 
UPFPO(OH)2 
owing v e c t o r  equat ions  where t h e  NCOIG r2:tlo is 
1.8/1 as an example 
S c a l a r  m u l t i p l i c a t i o n  y i e l d s  t h e  fol lowing equat tons  
2~ + = 1 . 8  
cy + 2 B  = 1  
Solv ing  f o r  a and s u b s t i t u t i n g  we g e t  
a s  t h e  mole r a t i o  of PFPO-DI/UPFPO(OH) f o r  an o v e r a l l  NCO/OH r a t i o  of 
1.811. 2 
EFFECT OF CURE CYCLE PARAMETER5 ON IE‘LRDNESS PROPERTIES OF FFPO-DI /UPFPO(OH) 3 
SYSTEM 
The fol lowing experiment was run t o  e s t a b l i s h  t h e  c u r e  c y c l e  
necessary f o r  fu l ly -cu red  resLn and t o  e s t a b l i s h  t h e  e f f e c t  of  mois ture  
on t h e  cured pol.ymer. 
PFPO-DI ( 4 . 4 3  g ,  0.00217 mole! and UPFPO(OH)2 (0.55 g ,  0.000167 
mole con ta in ing  0.04% S n  o c t o a t e )  were mixed i n  a smal l  b e a r k e r ,  degassed 
and poured i n t o  four smal l  c a v i t y  molds. A f t e r  f u r t h e r  degass ing ,  t h e  
four samples were t r e a t e d  as fol lows:  
40 
I n  Dess ica tor  I n  Dess ica tor  
a t  RT 
A f t e r  I 24 h r  
Expose t o  
Atmosphere a t  RT 
3. 
Shore A 
A f t e r  
70 
24 h r  
I f  
A f t e r  
Shore A 
85 
Shore D 
57 
24 h r  Af t e r  24 h r  
A f t e r  24 h r  1 
Shore A 
A f t e r 1 7 2  h r  
Shore D 
55 
After r4 hr A f t e r  24 h r  
Shore A 
1 
Shore A 
83 
A f t e r  72 h r  I 
Shore D 
55 
4 
Shore D 
52 
The cured ma te r i a l  show no bubbles and t h e r e  was no d i s2e rnab le  
d i f f e r e n c e  i n  t h e  four  specimens. 
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